possible because of access limitations. Endovascular coiling of aneurysms treated by manipulating catheters and stents across communicating arteries of the Circle of Willis has been described in some case reports and smaller case series for optimal stent placement 1, 5, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . This technique requires navigation across acute angles. For example, in order to deploy a horizontal stent across the basilar tip, the angle formed between the posterior communicating artery (PCOM) and posterior cerebral artery first segment (P1) must be negotiated. Similarly, the most acute angle to be navigated for anterior communicating artery (ACOM) stenting is the angle subtended by the supraclinoid internal carotid artery-anterior cerebral artery (ICA-A1) junction. In addition, these techniques require navigation and stent deployment in diminutive recipient arteries. This raises concerns regarding lack of complete stent deployment in these small arteries and possible thromboembolic complications.
We present our experience with treating aneurysms by stent assistance across the communicating arteries of the Circle of Willis to facilitate optimal stent deployment. We analyzed the most acute angle required to navigate endovascular tools and the caliber of arteries crossed by the stent delivery system.
We review the available literature on this relatively new technique of aneurysm treatment to evaluate the technical success rates and associated complications.
MATERIALS AND METHODS
We retrospectively reviewed the cases in our institution from January 2009 to June 2012 in which the Circle of Willis was traversed by a stent delivery microcatheter.
Measurement of arteries and angles
The decision to traverse the Circle of Willis was made on a case-by-case basis after non-invasive arterial imaging was carefully reviewed. The caliber of the PCOM and ACOM arteries traversed was measured. The target artery was defined as the smallest arterial diameter in which the stent was deployed. We defined the most acute angle that required navigation as the "critical angle". For the PCOM approach, the critical angle was the angle subtended by the PCOM and ipsilateral P1 segment measured in the axial plane (Figure 1 ). For the ACOM approach, the angle subtended by the supraclinoid internal carotid artery (ICA) and ipsilateral A1 segment in the coronal plane was measured. All the measurements were performed on computed tomography angiogram (CTA) except for one patient in whom a contrast-enhanced MRA was performed. The measurements were performed by a single interventional neuroradiologist with six years advanced neuroimaging training.
Technique
All procedures were performed on biplane flat panel angiographic system (Siemens AG, Germany) with 3D angiography and road mapping capabilities. Patients were premedicated with dual antiplatelet therapy (Aspirin and Clopidogrel): two patients were loaded during procedure prior to stenting (650mg Aspirin and 300mg Clopidogrel); six patients were started on medication four to five days prior to procedure (81 mg of Aspirin and 75mg mg of Clopidogrel per day). Dual antiplatelet agents were continued for 90 Days. Subsequently, Clopidogrel was discontinued and Aspirin continued indefinitely. All procedures were performed with bilateral femoral access. Systemic heparin was administered during the procedure and monitored with ACT levels to achieve an ACT of >300.
We posterior communicating artery cases, the micro-wire was advanced to the contralateral P2-P3 segments of posterior cerebral artery in four cases. In one case the microcatheter was placed into the right SCA to treat an SCA aneurysm. In another case, the microcatheter was placed retrograde, via the PCOM, down the basilar artery through the interstices of a previously placed stent in a conventional antegrade fashion.
Coiling of the aneurysms was performed immediately after the stent placement in six out of eight cases. One case was performed in a staged manner where coiling on initial attempt was aborted because of stent migration. The coiling was completed successfully four weeks later through the initially placed stent. One aneurysm was treated by double "telescopic" stents deployed horizontally across the aneurysm neck without using any coils.
At least one follow-up vascular imaging was performed with imaging and clinical follow-up ranging from 6 month to 28 months. Aneurysm obliteration was measured using the Raymond & Roy scale 16 . The clinical outcome was evaluated by Modified Rankin Scale (mRS).
Medline and PubMed searches were performed through January 2013 to identify relevant articles by using search strings of horizontal stent-assisted coiling, trans-circulation stent assisted coiling, retrograde intracranial stent, aneurysm coiling rupture, and intracranial aneurysm stent from 1999 to 2012. A Google search by using the string "intracranial aneurysm stent" also yielded several other articles. Additional sources were pulled through bibliographies of existing articles. Information derived from articles was used for overall procedure technique, complication analysis and, when available, for specific longterm follow-up metrics. Additional information, available in most publications, was collected regarding complications, technical failure, aneurysm morphology, rupture status and posttreatment occlusion status. The studies describing posterior inferior cerebellar artery aneurysms treatment via contralateral vertebral artery access were excluded.
RESULTS
We treated eight aneurysms: five males, between 45-66 years-of-age. There were five posterior and three anterior circulation aneurysms: four basilar tip, one ICA terminus, two ACOM and one superior cerebellar artery (SCA) aneurysms treated (Table 1 ). There were four acutely ruptured, one aneurysm with previous subarachnoid hemorrhage and three unruptured aneurysms.
Three aneurysms were treated with this technique without attempting conventional antegrade stenting. In the other five cases, initial attempt with an antegrade approach for stenting was unsuccessful due to unfavorable anatomy. Stent deployment and coil embolization was technically successful in all cases. In all patients, there was adequate initial obliteration of the aneurysm.
The mean diameter of the communicating arteries was 1.17mm (min: 0.9-max: 1.7). The mean diameter of the target arteries for stent deployment was 1.27mm (min: 1.0-max: 1.9). The mean critical angle was 103.8 (min: 72-max: 147). (Table 2) . There were two cases of small subarachnoid hemorrhage post procedure: both unruptured aneurysms (one anterior and one posterior circulation). These hemorrhages resolved spontaneously on follow-up imaging. One patient developed epistaxis following nasogastric tube placement and subsequently had to be managed with endovascular embolization. One patient had a pelvic extraperitoneal hematoma, which was probably attributed to a difficult femoral puncture while on dual antiplatelet agents and intra-procedural heparin. In one case, a detachable stent was used as a temporary strut however had to be deployed as it could not be retrieved. The stent was deployed with good wall apposition and the patient remained asymptomatic. Overall, there were four major complications in our series. One of our patients (Patient 4) with an unruptured basilar tip aneurysm had a small thalamoperforator stroke with mild sensory changes on discharge. Of the four patients in our series with a discharge mRS of > 0, their outcome was felt to be related to their presenting SAH and not procedure-related.
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Follow-up imaging results are shown in Table 2 . The minimum follow-up period was six months. One patient had a significant class III recurrence on one-year follow-up and required repeat coiling. Three aneurysms had insignificant recurrences and other four remained completely obliterated on follow-up imaging. No significant in-stent stenosis or occlusions were demonstrated on follow-up imaging.
Case #1
We used this technique for the treatment of a small, sessile ruptured 2mm carotid terminus/ A1 aneurysm with no neck (Figure 2 ). The lesion was felt to be technically extremely difficult to treat with surgical clipping and had high risk of rupture with conventional coiling because of its shallow neck. We approached the aneurysm from contralateral ICA via ACOM. A double Enterprise stent (Codman & Shurtleff, Raynham, MA) construct was deployed horizontally across the aneurysm in "telescopic" fashion for better inflow coverage. The aneurysm was completely obliterated at 24 month follow-up with no rebleed or in-stent stenosis.
Case #3
The trans-circulation technique was used to treat a wide-neck basilar tip aneurysm (Figure 3) . The antegrade stenting in this case was deemed impossible due to a very acute basilar-right P1 angle. The patient had another un-ruptured 20 mm wide-neck right paraophthalmic aneurysm we previously treated successfully with a flow diverting stent (Pipeline- ev3eurovascular, Irvine, CA) placed proximal to the PCOM origin. We placed a horizontal stent across the aneurysm neck via right ICA/ PCOM approach with subsequent successful coiling. The aneurysm remains completely obliterated at three years follow-up.
DISCUSSION
Endovascular treatment of wide-neck aneurysms is technically challenging and may be managed by a variety of approaches 17, 18 . Various techniques such as balloon remodeling, stent assisted coiling, "Y" stent construction, and double micro catheter techniques have been used 4, 19 . In the case of a terminal aneurysm, it is often difficult or impossible to place a balloon or stent exactly perpendicular to the axis of the aneurysm. One approach has been to place two stents at the arterial termination in a "Y" or "X" configuration. However, this is not always technically feasible due to the angioarchitecture.
Horizontal (trans-circulation) stent assisted coiling has been described as an alternate option to treat wide-necked aneurysms. This technique involves deployment of a stent across the neck of a terminal aneurysm. The stent is navigated through the Circle of Willis via a communicating artery 1 . A single stent can then be deployed horizontally across the basilar tip, for example, facilitating optimal prevention of coil herniation.
The navigation of stent across challenging angles (critical angles) is necessary for this technique. The mean critical angle in our case series was 103 degrees, though we were able to successfully navigate across an acute angle of less than 75 degrees. We did not have cases in which we failed to negotiate a critical angle of less than 72 degrees. The less acute and more obtuse the angle, the greater the chance of success. We should mention a word of caution: thalamoperforators arise from the P1 segment and therefore care must be taken to avoid impaling a micro wire into a perforator in order to negotiate the acute angle. Park et al 18 have described difficulties in catheterizing the PCA from basilar artery due to acute angles and as a result have used the waffle-cone technique.
Manipulating a micro catheter and stent across smaller calibre communicating arteries is another challenge. The mean diameter of PCOM arteries in our cases was 1.36 mm and for the ACOM arteries was 0.86mm. We were able to navigate across small communicating arteries with diameters as small as 0.8mm. In spite of heparinization, it is important to spend as little time as possible with the delivery micro catheter, potentially decreasing flow in the small communicating arteries, in order to prevent thrombosis. In our own experience, we do not have cases in which attempted navigation failed in communicating arteries smaller than 0.8 mm. However, theoretically, complications such as suboptimal stent deployment, dissection and thrombosis may increase by navigating through even smaller calibre arteries.
Literature Review
A total of 11 articles with 42 patients met inclusion criteria for transcirculation coiling 1, [5] [6] [7] [8] [9] [10] [11] [13] [14] [15] the stent was deployed horizontally across the neck of basilar tip aneurysm through an antegrade approach without crossing the communicating arteries 20 . The results are summarized in Table 3 . The technique was feasible and successful in 40 of 42 cases (95%) with more than 90% initial aneurysm occlusion. Permanent procedure related complications were observed in two out of 42 patients (4.7 %) with one fatal intra-procedural rupture 13 . The minimum diameter of communicating arteries crossed was 0.8 mm and stents were successfully placed in arterial diameters as small as 1.1mm. No prior study has documented the "critical angle" as in our paper. These metrics are potentially useful as a reference for planning future transcirculation stent-assisted coiling procedures. One study mentioned failure to deploy the stent in two cases 13 . Twenty-five percent of aneurysms were treated in the setting of acute or recent subarachnoid hemorrhage. In one of our cases with acute SAH from an ICA terminus sessile aneurysm, dual telescopic stents were placed horizontally from A1 to M1, a technique which to our knowledge, has not been described. Two patients were reported to have significant recurrence 2, 5 . Blackburn et al have reported the largest series of horizontal stent-assisted coiling with ten patients 13 . The stent placement was successful in eight patients with one case of procedure related mortality. Siddiqui et al 1 Two patients in our case series had small new subarachnoid haemorrhages detected on follow-up cross-sectional imaging after the procedure. One of these patients developed hydrocephalus and was managed successfully with a lumbar drainage. The possible mechanisms for these small subarachnoid haemorrhages include traction on small veins secondary to manipulation of these sizeable microcatheters. The other complications of epistaxis and retroperitoneal hematoma were managed without further patient clinical deterioration. We feel the use of concomitant dual antiplatelet agents combined with the technically challenging nature of these procedures contributed to the complications in this series.
Flow-diverting stents have been shown to be effective in the management of some aneurysm which have been difficult to manage by conventional coiling techniques 17 . Most of the aneurysms in our series were terminus aneurysms which would likely necessitate "jailing" one outflow limb with a flowdiverter. Therefore, a thoughtful decision regarding the choice of using the techniques described in our paper or the newer generation flow-diverters is necessary.
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198 NA=Not Documented; *3 patients in all studies lost to follow-up; **Did not specify recurrence in trans-circulation cases or other group. SAH = subarachnoid hemorrhage, ACOM = anterior communicating artery, PCOM = posterior communicating artery 
CONCLUSION
Utilizing the Circle of Willis for optimal stent placement in aneurysm remodeling is technically feasible but challenging because of navigation in diminutive arteries and across difficult angles. At times, this complex approach is necessary for optimal stent deployment and in some cases is the optimal approach, even in the setting of acute SAH. However, the procedural risk must be balanced against potential complications such as subarachnoid haemorrhages.
